Cross-sections and rate coef®cients have been calculated for rotational transitions between levels J # 20 of HCO , induced by collisions with ground state J 0 para-H 2 . Results were obtained for temperatures in the range 10 # T # 400 K, extending previous work by Monteiro, who considered T # 30 K and presented rate coef®cients for J # 4. Good agreement is obtained with the results of Monteiro at low temperatures.
3 (Herbst & Klemperer 1973) . Observations of HCO and its deuterated isotope, DCO , in dark clouds enable the fractional ionization (electron abundance) to be determined (Gue Âlin et al. 1977; Gue Âlin, Langer & Wilson 1982) . More recently, measurements in absorption , 1997 have shown that HCO is widespread in the diffuse interstellar medium, where its production may be linked to the formation of CH . The endothermic reaction C (H 2 ,H)CH , which may occur in C-shocks (Flower & Pineau des ForÃ ets 1998) or in vortices associated with turbulence (Joulain et al. 1998) , is followed by further (exothermic) hydrogenation reactions that lead to CH 3 , which can react with O to form HCO . Thus, HCO is important to our understanding of ion±neutral chemistry throughout the interstellar medium and is present in gas over a wide range of kinetic temperatures. Monteiro (1984 Monteiro ( , 1985 published the ®rst and, to date, the only calculations of the rate coef®cients for rotational excitation of HCO by He and H 2 . The emphasis was on low temperatures, T # 30 K, appropriate to dark clouds. In view of observational developments since that time, there is a need to extend her work to higher temperatures and rotational levels; this is the purpose of the present paper.
C A L C U L AT I O N S
Monteiro (1985; see her table 2) calculated the H 2 ±HCO interaction potential for a set of intermolecular geometries, from which the coef®cients, v l 1 l 2 m R, of the angular expansion of the potential were then determined for 4:3 < R < 15:1, where R is the separation of the centres of mass of the molecule and the molecular ion, in atomic units (bohr radii). This potential is suf®ciently complete to enable the cross-sections for the rotational excitation of HCO by ground state J 0 para-H 2 to be determined: only terms l 1 0 intervene in such calculations. For R > 15:1, the long-range forms of the coef®cients v 000 and v 010 were adopted: v 000 R À2:85=R 4 and v 010 R À11:3=R 5 (in atomic units, i.e. hartree). Monteiro (1985) used the molecular scattering code molscat, which has since been documented by Hutson & Green (1995) , to calculate the collision cross-sections. In the present calculations, the colmol code, the original version of which was written by Launay (1977) , has been employed. Both of these programs are based on the quantum mechanical, coupled channels method, appropriate to rotationally inelastic scattering between molecules at low energies. However, the implementations are independent and the numerical methods are different. Therefore, the comparison of the present results with those published by Monteiro (1985) for low temperatures provides an important consistency check. Monteiro (1985) used a rotational basis comprising states of HCO up to and including J 7. This basis is adequate at low temperatures: the excitation energy of the J 7 level, relative to the J 0 ground state, is E J7 =k 120 K, where k is Boltzmann's constant. The basis used here, with a view to extending the results to higher temperatures, included all levels up to J 20 (E J20 =k 898 K). The rotational line frequencies, and hence the energies of the rotational levels, were taken from the JPL compilation (http://spec.jpl.nasa.gov/).
The cross-sections were computed on a grid of centre-of-mass collision energies 5 # E CM =k # 4000 K. At low energies, E CM =k < 100 K, a spacing of 2.5 K between consecutive energies was adopted in view of the resonances in the cross-sections (cf. Monteiro 1985) . Even so, this structure was not completely resolved, although the implications for the accuracy of the rate coef®cients are not as signi®cant as those arising from other sources, particularly the uncertainties in the interaction potential. The adopted energy grid became coarser as the collision energy increased. Rate coef®cients for collisional de-excitation were obtained by averaging the product of the centre-of-mass collision velocity and the cross-section over a Maxwellian distribution:
where x E=kT, and E is the collision energy relative to the initial (upper) state of the transition; m is the reduced mass of the H 2 ± HCO system. The integral in this equation was evaluated numerically, using a ®ne grid of the integration variable in the range 0 # x # 10 and cubic spline interpolation of the cross-sections as functions of E. Rate coef®cients for excitation were obtained from the detailed balance relation:
R E S U LT S
In Table 1 , we compare rate coef®cients for transitions between states J # 4 of HCO , calculated at T 10 and 30 K, with the corresponding results of Monteiro (1985) . We consider the level of agreement between the two sets of results to be very satisfactory, particularly in view of the resonance structure in the cross-sections at low energies. In Table 2 Results are given at two temperatures, T = 10 and 30 K. For each temperature, the ®rst column is the result of Monteiro (1985) and the second column is the present result. coef®cients, for 10 # T # 400 K, in steps of 10 K, is presented as Supplementary Material in the electronic version of MNRAS and is available from the CCP7 server (http://ccp7.dur.ac.uk/) or directly from the author (david.¯ower@dur.ac.uk). The elastic cross-sections, included in Table 2 for completeness, display the temperature independence and the magnitude anticipated, on the basis of Langevin theory, for ion±neutral interactions. It is noteworthy that the rate coef®cients for rotational de-excitation, although smaller in magnitude, are also approximately independent of the temperature. It is clear that the controlling feature of the collision process is the 1=R 4 polarization potential, incorporated in the long-range form of the v 000 R coef®cient (see Section 2 above). Of course, the coef®cients of higher order l 2 > 0 determine the magnitude of the rotational inelasticity. We conclude that modest extrapolation of the rate coef®cients for rotational de-excitation, to higher temperatures, is justi®ed; those for excitation should be derived from detailed balance.
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